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BATTERY CUT-OFF DEVICE AND METHOD 

The present invention relates to a circuit-breaker device for cutting off a battery from 
an associated circuit and finds application in many fields, in particular the automotive 
field. 

5 

US-A-59 17162 discloses a circuit-breaker device for cutting off a battery. This device 
is based on a mechanical latching arrangement that is de-latched by actuation with a 
solenoid armature. In the primed or latched position, in which electrical contact is 
made, a cylindrical member has an upwards force acting thereon by a compression 

10 spring. However, the cylindrical member is inhibited from responding to this force 
with an upwards movement by the shoulders of an elongate plunger mounted within 
the member, which shoulders engage with balls that are prevented from moving 
radially inwardly by a head portion of the plunger. The circuit breaker action follows 
from independent upward actuation of the plunger by a solenoid armature which is 

15 arranged below the plunger. Energisation of the solenoid urges the plunger upwards. 
When the plunger is urged upwards by the armature, the head of the plunger moves 
above the balls, allowing the balls to move radially inwards which, in turn, frees the 
cylindrical member for upwards movement. The cylindrical member then acts on a 
movable contact to move the same upwards and be separated from fixed contacts with 

20 which the same is normally positively engaged, thereby breaking the circuit. This 
electro-mechanical device has the advantage of requiring no electrical load in the 
normal, closed configuration of the device, so that no power is consumed in this 
configuration. By contrast, in older devices, for example, the devices of US-A-3 12985 
and US- A- 16434 15, in which actuation also takes place with solenoid and armature 

25 arrangements, the solenoid coils represent an ever-present electrical load in the normal, 
closed configuration of the device, so that power is continuously consumed. Despite 
the advantage of no power consumption in the closed configuration, the device of US- 
A-59 171 62 has a considerable mechanical complexity. As a result, manufacturing 
costs are relatively high. It also has the disadvantage of requiring vertical mounting to 

30 allow the device to operate, since the device relies on gravity to move the balls. 
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It is therefore an aim of the present invention to provide a simplified and less 
expensive battery cut-off device which does not consume power in the normal, closed 
configuration. 

5 Accordingly, the present invention provides a battery cut-off device, comprising: first 
and second electrical contacts; a bridge contact movable between a first, closed 
position in contact with the first and second contacts and a second, open position 
spaced from the first and second contacts; a magnetic attraction unit including a 
magnetic element for providing a magnetic field sufficient to hold the bridge contact in 
10 the closed position; and a contact separator operable to alter the magnetic field and 
cause the bridge contact to move to the open position. 

Preferably, the device further comprises an armature which is coupled to the bridge 
contact and responsive to the magnetic field generated by the magnetic element. 

15 

Preferably, the device is configured such that the armature is spaced from the magnetic 
attraction unit when the bridge contact is in the closed position. 

Preferably, the armature is resiliently coupled to the bridge contact. 

20 

Preferably, the device further comprises a carrier which supports the bridge contact. 

Preferably, the contact separator includes an electrical element operable to generate a 
further magnetic field for counteracting the magnetic field of the magnetic element, 
25 thereby enabling the bridge contact to move to the open position. 

In one embodiment the magnetic element is a permanent magnet and the electrical 
element is, when actuated, configured to generate a further magnetic field of opposite 
polarity to the magnetic field of the permanent magnet. 

30 
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In another embodiment the magnetic element is a magnetisable element which is 
magnetisable and de-magnetisable by the electrical element on the generation of 
magnetic fluxes of opposite polarity. 

5 Preferably, the electrical element comprises a coil. 

Preferably, the contact separator is operable in response to a trigger signal. 

More preferably, the contact separator includes an external trigger contact for 
1 0 receiving an electrical trigger signal as the trigger signal. 

More preferably, the contact separator includes a manually-actuatable switch, the 
actuation of which generates the trigger signal. 

15 Preferably, the contact separator includes a biasing element for biasing the bridge 
contact away from the first and second contacts. 

The use of a magnet to hold the moveable bridge contact in place has the advantage 
that no external electrical power is required or consumed in maintaining the battery 
20 cut-off device in the closed configuration, while simultaneously allowing a simple 
construction. 

The present invention also provides a method of operating a battery cut-off device, 
comprising the steps of: holding a bridge contact in contact with first and second 
25 electrical contacts by a magnetic field; receiving a trigger signal; and altering the 
magnetic field in response to the trigger signal to cause the bridge contact to separate 
from the first and second contacts. 

In one embodiment the magnetic field is provided by a permanent magnet and altered 
30 by generating a further magnetic field of opposite magnetic filed to the magnetic field 
of the permanent magnet. 
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In another embodiment the magnetic field is generated by magnetising the magnetic 
element and altered by demagnetising the magnetic element. 

Preferably, the bridge contact is separated from the first and second contacts by the 
5 action of a biasing element. 

Preferred embodiments of the present invention will now be described hereinbelow by 
way of example only with reference to the accompanying drawings, in which: 

10 Figure 1 illustrates an exploded perspective view of a battery cut-off device in accordance 
with a first embodiment of the present invention; 

Figure 2 illustrates a schematic sectional view of the device of Figure 1; 

15 Figure 3 illustrates a schematic sectional view of a battery cut-off device in accordance 
with a second embodiment of the present invention; and 

Figure 4 illustrates a schematic sectional view of a battery cut-off device in accordance 
with a third embodiment of the present invention. 

20 

Figures 1 and 2 illustrate a battery cut-off device in accordance with a first 
embodiment of the present invention. 

The device comprises a main body 1 which comprises a housing 3 for housing 
25 components of the device, a shroud 4 for an electrical connector which extends outwardly 
from the base portion of the housing 3, and first and second fixed contact lugs 5, 7 which 
extend through opposed sidewalls of the housing 3. Each of the contact lugs 5, 7 includes 
an external contact surface 5a, 7a for connection to external circuitry and an internal 
contact surface 5b, 7b. In this embodiment the housing 3 is formed of a plastics material, 
30 preferably by injection moulding. 
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The device further comprises a cover 9 for fitting, in this embodiment a snap fit, to the 
housing 3 and enclosing an internal cavity which is protected against the ingress of 
moisture and other foreign material. The cover 9 includes a first flexible membrane 
portion 1 1 in an upper surface thereof which provides a reset button, the function of 
5' which will be described in more detail hereinbelow. The cover 9 further includes a 
second flexible membrane portion 13 in a side surface thereof which provides a trip 
button, the function of which will be described in more detail hereinbelow. 

The device further comprises a solenoid unit 15 which is fixedly disposed within the 
10 housing 3 to the base portion thereof and is operable to perform a latching function as 
will be described in more detail hereinbelow. The solenoid unit 15 comprises a magnet 
17, in this embodiment a permanent magnet, and a solenoid coil 19 which is disposed 
thereabout and operable to generate a magnetic field which counteracts that of the 
magnet 17. 

15 

The device further comprises a printed circuit board (PCB) 20 which is disposed in the 
housing 3, in this embodiment adjacent the solenoid unit 15. The printed circuit board 20 
includes control circuitry (not illustrated), a switch 21, in this embodiment a microswitch, 
at one end thereof, and external trigger contacts 23 which extend from the other end 

20 thereof for receiving an electrical trigger signal. The switch 21 is disposed adjacent to the 
second membrane portion 13 in the side surface of the cover 9 such as to be actuatable on 
depression of the second membrane portion 13. The external trigger contacts 23 are 
electrically connected to terminals of the connector in the shroud 4 of the main body 1. 
The circuitry of the printed circuit board 20 is configured such as to connect the coil 17 to 

25 power and earth on actuation of the switch 21 or receipt of the electrical trigger signal at 
the trigger contacts 23. In a vehicle, for example, the trigger contacts 23 could be 
connected to a separate crash module. The trigger contacts 23 could also be connected to 
any system which requires a battery to be disconnected, for example, on short-circuit 
detection or in response to a transit signal. For example, it is beneficial to disconnect the 

30 battery during shipment of a vehicle from the factory to a dealer. 
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The device further comprises a carrier assembly 25 which is movably disposed relative to 
the solenoid unit 15 between a closed, latched configuration and an open, released 
configuration. 

5 The carrier assembly 25 includes a carrier 27 which includes a cavity 29 for receiving the 
solenoid unit 15, with the carrier 27 being freely movable over the solenoid unit 15. 

The carrier assembly 25 further includes a bridge contact 31 which extends laterally 
therethrough, the opposed ends of which bridge contact 31, in the closed configuration, 
1 0 contact the contact surfaces 5b, 7b of the contact lugs 5, 7. 

The carrier assembly 25 farther includes an armature unit 33 which is resiliently disposed 
to the bridge contact 31. The armature unit 33 comprises an armature 35 which is 
disposed to the lower surface of the bridge contact 3 1 in opposed, spaced relation to the 

1 5 solenoid unit 1 5, a strut 37 which is connected to the upper surface of the armature 35 and 
extends through the bridge contact 31, and a resilient element 39, in this embodiment a 
blade spring, which resiliently supports the strut 37, and hence the armature 35, to the 
bridge contact 31. The function of the armature 35 is to provide an element which is 
responsive to the magnetic fields, permanent and transient, generated by the solenoid unit 

20 15. In this embodiment the armature unit 33 is configured such that the armature 35 is 
spaced a small distance 40, in this embodiment about 2 mm, from the solenoid unit 15 
when in the closed configuration and the bridge contact 31 is in contact with the contact 
surfaces 5b, 7b of the contact lugs 5, 7. In this way, the magnetic attraction of the 
armature 35 to the magnet 17 is such as to always maintain a positive force on the bridge 

25 contact 31 and thereby maintain a positive force between the bridge contact 31 and the 
contact surfaces 5b, 7b of the contact lugs 5, 7. 


30 


In an alternative embodiment the strut 37 can extend through the cover 9 and be manually 
actuated directly to reset the device. 
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In another alternative embodiment the armature 35 could be provided by a central portion 
of the bridge contact 31, in which embodiment the strut 37 and the resilient element 39 
would be omitted. 

5 The device further comprises a biasing element 41, in this embodiment a helical 
compression spring, disposed about the solenoid unit 1 5 between the base portion of the 
housing 3 and the carrier assembly 25 to bias the carrier assembly 25 away from the 
solenoid unit 15. 

10 The operation of the device will now be described hereinbelow. 

In the normal, closed or latched configuration, the bridge contact 3 1 is held against the 
contact surfaces 5a, 7a of the contact lugs 5, 7, allowing current to flow between the 
contact lugs 5, 7. The normally closed configuration is maintained by the action of the 
15 magnet 17 attracting the armature 35 in the carrier assembly 25. In this closed 
configuration, the magnetic attraction force between the magnet 1 7 and the armature 
35 exceeds the mechanical force generated by the biasing element 41 and thus acts to 
bias the carrier assembly 25 towards the solenoid unit 15. 

20 The device is released from the closed configuration into a stable, open or released 
configuration by the energisation of the coil 19, either as a result of the application of 
an electrical trigger signal to the trigger contacts 23 or by manual actuation of the 
switch 21 through depression of the second flexible membrane portion 13 in the side 
surface of the cover 9. Energisation of the coil 19 generates a magnetic field which 

25 counteracts that of the magnet 17, resulting in the mechanical force of the biasing 
element 41 exceeding the combined net magnetic force of the permanent and transient 
magnetic fields, and the carrier assembly 25 being pushed upwards away from the 
solenoid unit 15 into the stable open configuration in which the bridge contact 31 is 
separated from the contact surfaces 5a, 7a of the contact lugs 5, 7. In this open 

30 configuration, the contact lugs 5, 7 are not electrically connected and the device is 
open circuit. The energising electrical impulse for energising the coil 19 need only be 
of short duration, since the magnetic attraction force oetween the magnet 17 and the 
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armature 35 falls off rapicly as the mutual separation between those elements 
increases. 

It will thus be apparent that no electrical power is consumed or required either when 
5 the device is in the closed configuration or the open configuration. Moreover, only a 
short electrical impulse is required to trip the device from the closed configuration to 
the open configuration. 

Resetting from the open configuration is performed by manual depression of the 
1 0 flexible membrane 1 1 in the upper surface of the cover 9, which depression pushes the 
carrier assembly 25 downwards until the armature 35 is sufficiently attracted by the 
magnet 17 as to overcome the biasing force of the biasing element 41 and adopt the 
closed configuration. 

15 In an alternative embodiment the device could include an electrical reset. In one such 
embodiment the solenoid unit 15 could include a second coil which is energised on 
receipt of an electrical reset signal and configured to generate an attractive magnetic 
force between the solenoid unit 15 and the armature 35 which is sufficient to draw the 
carrier assembly 25 back to the closed configuration from the open configuration. 

20 

In another embodiment a plurality of contact sets may be provided in a single device to 
allow switching of several circuits. These contact sets may be disposed alongside each 
other or piggy-backed with a non-conductive spacer disposed between adjacent bridge 
contacts. 

25 

In a further embodiment the circuitry on the printed circuit board 20 may include short 
circuit detection to energise the coil 19 and trip the device on detection of abnormal 
loads. 

30 In a yet further embodiment the device may include a crash sensor to trigger the device 
instead of, or, in addition to, an external trigger signal. For example, an inertia switch 
may be incorporated in the device. 
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In a still yet further embodiment the circuitry on the printed circuit board 20 may 
incorporate a battery condition monitor to enable the device to be tripped, preferably 
selectively where an electrical reset is provided, to load the battery in such a way that 
5 battery life is prolonged during long storage periods. 

In yet another embodiment the biasing element 41 could be a tension spring connected 
between the cover 9 and the carrier assembly 25. 

10 In still yet another embodiment the biasing element 41 could be replaced by a 
mechanical latch for retaining the carrier assembly 25 in the open position. In this 
embodiment, the mechanical latch would latch onto the carrier assembly 25 when the 
carrier assembly 25 is moved under action of the coil 19. 

15 Figure 3 illustrates a battery cut-off device in accordance with a second embodiment of 
the present invention. 

This embodiment is quite similar to the embodiment of the above-described first 
embodiment, and thus, in order to avoid unnecessary duplication of description, only 
20 the differences will be described in detail, with like parts being designated by like 
reference signs. 

This embodiment differs from the above-described first embodiment only in the 
construction of the solenoid unit 15. In this embodiment the solenoid unit 15 

25 comprises a tubular, in this embodiment cylindrical, outer element 51, one, the upper, 
end of which faces the armature 35 and acts as one pole piece, an inner element 53, in 
this embodiment a rod, which is centrally located within the outer element 51 and one, 
the upper end, of which is in the same plane as the one end of the outer element 5 1 and 
acts as the other pole piece, a magnet 17, in this embodiment a circular disk and a 

30 permanent magnet, which is disposed to the other, lower, ends of the inner and outer 
elements 51, 53 so as to couple the same, and a solenoid coil 19 disposed about the 
inner element 53. 
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The operation of this device is the same as for the above-described first embodiment. 

Figure 4 illustrates a battery cut-off device in accordance with a third embodiment of 
5 the present invention. 

This embodiment has a basic structure similar to that of the above-described 
embodiments, and, in order to avoid unnecessary duplication of description, only the 
differences will be described in detail, with like parts being designated by like 
10 reference signs. 

This embodiment differs from the above-described embodiments in the construction of 
both the solenoid unit 15, in this embodiment having the function of both releasing and 
resetting the device, and the carrier assembly 25. 

15 

The solenoid unit 15 comprises a solenoid coil 61, a magnetisable magnet 63, in this 
embodiment a circular disk of ferromagnetic material, which is disposed within the 
coil 61 and has a residual magnetism when magnetised, an annular element 65 which 
is disposed to one, the upper, end, of the coil 6 1 and defines a radially outer part of the 

20 operating face of the solenoid unit 15 and acts as one of the pole pieces, a spacer 67, in 
this embodiment a circular disk, which is disposed to one, the upper, face of the 
magnet 63 and defines a radially inner part of the operating face of the solenoid unit 
15, a core 69 which is disposed to the other, lower, face of the magnet 63, and an outer 
tubular element 71, in this embodiment a cylindrical sleeve, which is disposed about 

25 the coil 19, the annular element 65 and the core 69 and acts as the other pole piece. 

The carrier assembly 25 includes a carrier 27 which includes a cavity 29 for receiving the 
solenoid unit 15, with the carrier 27 being freely movable over the solenoid unit 15. The 
carrier assembly 25 further includes a bridge contact 3 1 which extends laterally through 
30 the carrier 27, the opposed ends of which bridge contact 31, in the closed configuration, 
contact the contact surfaces 5b, 7b of the contact lugs 5, 7. The carrier assembly 25 
further includes an armature 35 which is disposed to the lower surface of the bridge 
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contact 3 1 in opposed relation to the solenoid unit 15. The function of the armature 35 is 
similarly to provide an element which is responsive to the magnetic fields generated by 
the solenoid unit 15. Again, similarly to the above-described first embodiment, the 
carrier assembly 25 is configured such that the armature 35 is spaced a small distance 40, 
5 in this embodiment about 2 mm, from the solenoid unit 15 when in the closed 
configuration and the bridge contact 31 is in contact with the contact surfaces 5b, 7b of 
the contact lugs 5, 7. 

The operation of the device will now be described hereinbelow. 

10 

In operation, energising the coil 61 shuttles the carrier assembly 25 between one of a 
first, closed position, in which the bridge contact 31 is in contact with the contact 
surfaces 5b, 7b of the contact lugs 5, 7 and current can flow therebetween, and a 
second, open position, as illustrated in Figure 4, in which the bridge contact 31 is 
15 spaced from the contact surfaces 5b, 7b of the contact lugs 5, 7 and current cannot 
flow therebetween. In the open position the upper surface of the carrier assembly 25 is 
in abutment with a spacer 73 provided to the cover 9. 

When a voltage pulse of one polarity is applied to the trigger contacts 23, the coil 61 is 
20 energised and magnetises the magnet 63 with a magnetic flux of a first polarity which 
is such as to attract the armature 35. The magnetic field of the magnetised magnet 63 
is such as to attract the armature 35, drawing the armature 35 and hence the bridge 
contact 31 theretowards. Once so magnetised, the magnet 63 retains the residual 
magnetisation after termination of the voltage pulse, thereby maintaining the bridge 
25 contact 3 1 in the closed position. 

When a voltage pulse of the opposite polarity is applied to the trigger contacts 23, the 
coil 61 is energised and a magnetic flux of opposite polarity to that of the magnetised 
magnet 63 is generated, which magnetic flux is such as to de-magnetise the magnet 63. 
30 With no magnetic force to overcome, the mechanical force of the biasing element 41 
then acts to push the carrier assembly 25 upwards away from the solenoid unit 15 into 
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abutment with the spacer 73 on the cover 9, thereby lifting the bridge contact 31 away 
from the contact surfaces 5a, 7a on the contact lugs 5, 7. 

In this embodiment, repeated manual actuation of the switch 21 toggles the device 
5 between the open and closed configurations. 

For further details of solenoid units using residual magnetism, reference is made to 
US-A-57 18264 which discloses prior art designs of solenoid-actuated fluid-flow 
control valves for automotive fuel injection systems. 

10 

The device of the above-described third embodiment can thus be positively actuated to 
shuttle between the open and closed configurations by application of voltage pulses of 
different polarity. As in the first and second embodiments, the device is held in either 
of the open or closed configurations under the action of a magnet and requires no 
15 electrical power in either of those configurations. Electrical power is only needed to 
trip and reset the device. 

Finally, it will be understood that the present invention has been described in its 
preferred embodiments and can be modified in many different ways without departing 
20 form the scope of the claimed invention as defined by the appended claims. 
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CLAIMS 

1 . A battery cut-off device, comprising: 
first and second electrical contacts; 

5 a bridge contact movable between a first, closed position in contact with the 

first and second contacts and a second, open position spaced from the first and 
second contacts; 

a magnetic attraction unit including a magnetic element for providing a 
magnetic field sufficient to hold the bridge contact in the closed position; and 
10 a contact separator operable to alter the magnetic field and cause the bridge 

contact to move to the open position. 

2. The device of claim 1, further comprising an armature which is coupled to the 
bridge contact and responsive to the magnetic field generated by the magnetic 

15 element. 

3. The device of claim 1 or 2, wherein the device is configured such that the 
armature is spaced from the magnetic attraction unit when the bridge contact is 
in the closed position. 

20 

4. The device of any of claims 1 to 3, wherein the armature is resiliently coupled 
to the bridge contact. 

5. The device of any of claims 1 to 4, further comprising a carrier which supports 
25 the bridge contact. 

6. The device of any of claims 1 to 5, wherein the contact separator includes an 
electrical element operable to generate a further magnetic field for 
counteracting the magnetic field of the magnetic element, thereby enabling the 

30 bridge contact to move to the open position. 
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7. The device of claim 6, wherein the magnetic element is a permanent magnet 
and the electrical element is, when actuated, configured to generate a further 
magnetic field of opposite polarity to the magnetic field of the permanent 
magnet. 

5 

8. The device of claim 6, wherein the magnetic element is a magnetisable element 
which is magnetisable and de-magnetisable by the electrical element on the 
generation of magnetic fluxes of opposite polarity. 

10 9. The device of any of claims 5 to 8, wherein the electrical element comprises a 
coil. 


10. The device of any of claims 1 to 9, wherein the contact separator is operable in 
response to a trigger signal. 

15 

11. The device of claim 10, wherein the contact separator includes an external 
trigger contact for receiving an electrical trigger signal as the trigger signal. 

12. The device of claim 10 or 11, wherein the contact separator includes a 
20 manually-actuatable switch, the actuation of which generates the trigger signal. 

13. The device of any of claims 1 to 12, wherein the contact separator includes a 
biasing element for biasing the bridge contact away from the first and second 
contacts. 

25 

14. A method of operating a battery cut-off device, comprising the steps of: 
holding a bridge contact in contact with first and second electrical contacts by a 
magnetic field; 

receiving a trigger signal; and 
30 altering the magnetic field in response to the trigger signal to cause the bridge 

contact to separate from the first and second contacts. 
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15. The method of claim 14, wherein the magnetic field is provided by a 
permanent magnet and altered by generating a further magnetic field of 
opposite magnetic filed to the magnetic field of the permanent magnet. 

16. The method of claim 14, wherein the magnetic field is generated by 
magnetising the magnetic element and altered by demagnetising the magnetic 
element. 


17. The method of any of claims 14 to 16, wherein the bridge contact is separated 
from the first and second contacts by the action of a biasing element. 
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